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PURPOSE

Hydrauhc ‘model studles were made to determme whether a com-
‘bination spillway and outlet works stilling ‘basin would be satisfactory for
Prineville Dam, and'to insure that the approach:channel, crest, and chute
.of the spillway, the bifurcation and tunnel of the outlet works, and the '
Junct1on of the spillway and outlet: -works would perform satlsfactorlly

QCONCLUSIoNs .

Spillway

1. A comb1nat1on st1111ng basm for both spillway: and outlet flows
can be used satisfactorily: (Flgure 4). . .

2. The initial splllway approach cha.nnel and curved vertlcal guldet
walls are sat1sfactory (F1gure 3) '

. 3. The crest pressures are pos1t1ve and steady, and therefore sat-
isfactory (Figure 11). . .

4. The water moved fa1r1y smoothly and evenly down the - sp111way
chute and approached the stilling basin:in an evenly distributed sheet at
-all flows above about 400 cfs: (Flgure 12F).

5. Air vents into the. chamber under the cover slab at the Junctlon
of the outlet tunnel and the spillway are requ1red to prevent flutter in
the water passing over the 3unct10n openmg (F1gure 4, Sectlons A=A and

E-E). : P : ‘

6. The st1111ng basin. performs satlsfactorlly w1th spillway flows
with or-without the: proposed dividing walls. The floor pressures.are
positive when. the tail water elevation is at or near normal level: (Flgure
15A). There 1s cons1derab1e splashmg and wave act1on in the basin.

7. The initial chute blocks:with only moderate rounding.on the top
-edges produced negatlve pressures:in-the cavitation range when high




spillway flows occurred (Figure 16B and C). A modified block using
more generous curves produced more satisfactory pressures (Flgure
16D and E).

8. The riprapped left bank of the river channel should be warped
from the 2:1 slope at the end of the basin to a 3:1 slope 100 feet down-
stream. Erosion is not expected to be severe in the channel (Flgure
28C). , ,

9. "Slug flow" or roll waves will occur,on the spillway when dis-
charges of less than about 400 second-feet occur (Figure 17). These
roll waves will produce waves and splaShing in the stilling basin.

Outlet Works

1. The bifurcation upstream from the outlet gates, w1th a c1rcu1ar-
nosed dividing pier with a 30-foot radius joining the tapered and parallel
wall sections, and a circular arc roof, -is acceptable for protetype use
~{Figure 19). This design is adequate because the 6-foot high gates will
be restricted to a maximum opening of 5 feet 6 inches to limit the stream
flow, and the resulting back pressure holds the rather severely reduced
local pressures to positive values., Better pressure condltlons occur on
the bifurcation using elhptlcal curves: (Flgure 18)

2. The flows in the tunnel are. satisfactory with elther symmetrlcal
or unsymmetrical operation of the gates: (F1gure 20). - The humped floor
effectively damps the tendency of the flow to swing from one. s1de of the
tunnel to the other.: S

3. The cover slab at the Junction of the outlet tunnel and spillway
should be terminated at Station 11+95 96 to prevent 1nterference with
the outlet flows (Flgure 21). :

4. The pressure on the initial chute block and floor are satisfactory
with outlet works flows when the tail water elevation is at or near the
normal level (Figure 15). Better. pressure conditions are obtained w1th
. the more rounded chute blocks shown in Figure 16D.

5. Dividing walls in the st1111ng basin are essential for outlet works
flows (Figure 23). The initially proposed 28. 5-foot high walls extendmg
to Statiorr 13+41. 67 are satisfactory, :and the ‘basin performance is good :
(Figures 24 and 25). : . .

6. The st1111ng basin dividing walls will be subjected to fluctuating
hydraulic loads, particularly during outlet works flows (Figure 22).
This factor must be taken into con51derat1on in the wall design. : :

7. Adequate riprap protection must be prov1ded along the left bank
of the outlet channel to forestall riverbed material being picked up by
currents, swirled around within the" basin, and dep031ted between the
dividing walls and the outer walls :




8. As was the case for spillway flows, the bank of the riprapped -
left river channel should warp from the 2:1 slope at the end of the basin
to a 3:1 slope 100 feet downstream to reduce erosion (Figure 28B).
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]NTRODUCTION

Prineville Dam is the principal unit of the Crocked River Project
and is located on the Crooked River about 21 road miles southeast of the
town of Prineville, Oregon. The reservoir will store water during heavy

runoff periods to relieve flood da.nger and damage, and to provide water
for irrigation later in the growing season. The dam is an earthfill struc-
ture with a crest length of about 790 feet and a height above the riverbed
of about 180 feet (Figure 2). An uncontrolled overflow spillway and a
gate -controlled outlet works are provided in the right abutment

The sp111way consists of an excavated approach channel an ogee
crest, and a 475-foot long concrete chute that ends in a jump-type stilling
basin (Figure 3). The 20-foot wide crest is set at elevation 3234,.80 and
is designed to pass 8,120 cfs. The 54-foot wide by 100-foot long stilling
basin contains chute blocks at the upstream end and a dentated sill at the
downstream end to aid in creating a hydraulic Jump with high energy dis-
sipation (Figure 4). An excavated channel carries the water downstream
to the existing r1ver channel. : :

The outlet works consists of an inlet structure, -an 11-foot 0~
inch~diametér circular tunnel extending to the dam axis, a symmetrical
wye branch or bifurcation containing 4-foot by 6-foot emergency and
service slide gates, and a modified horseshoe tunnel terminating in the
spillway stilling basin (Figures 5, 6, and 7). The alinement of the out-
let conduit from the service. gates to the. splllway placed the conduit di-
rectly beneath the spillway. -This permitted usmg the same stilling basin
for the splllway and outlet works. : : ‘

The outlet works flows.may be as high as 3,529 cfs and as low as
10 cfs, the latter flow fulfilling requirements of the FlSh and Wildlife
Serwce All reservoir releases will be into: the river channel below the
dam and part of the flow will be taken out at a proposed diversion struc-
ture 15 miles downstream. The remainder will pass over the d1ver51on
dam and contmue downrlver to satlsfy prlor water rlghts o

Smgle st1111ng basms for handlmg both. Sp1llway and outlet works
flows have been used on a number of other Bureau of Reclamation struc-
tures. A recent example is Paonia Dam.l/ _.In these previous multiple-use

1/ Hydraulic Model Studies of Paonia Dam ‘Spillway and Outlet
Works, "Report No. Hyd-444, by G. L. Beichley.
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basins, the outlet flows occupied only a limited part of the stilling
basin width and were small compared with the sp111way flows. The
outlet flows theiefore did not have enough energy to cause trouble-
some eddies or scour beyond the end of the basin, and -basins designed
primarily for sp111way flows were satlsfactory for- both flows

In the case of Prineville Dam, the outlet works has’ nearly
half the capacity of the spillway and enough energy to produce power-
ful eddies and currents beyond the basin. Thus there will be:sufficient
energy to cause serious damage. This was taken into account in the
design of the basin and dividing walls were provided to:produce an out-
let works basin within the main basin. The outlet conduit was flared
as it approached the basin so that at maximum flow the entermg depth,
dy, would be about the same as for the maximum splllway flow and com-
pat1b1e with the tail water depth, -dg, ‘made available 'in the‘basin. The
“final width of the: expanded section at the end of the sloped chute (Station
12+75. 00) determined the spacing of the: parallel 66-foot 8-inch long
walls in the horizontal part.of the basin (Figure 4). Upstream from :
Station 12+75. 00 the walls were placed in line with the spreadmg water -
in the diverging spillway chute » ,

Hydrauhc uncertamt1es were 1nv01ved in the de31gn of the’ basm
and dividing walls? ' For example, it was not known if the wall spacing
‘and length were satisfactory, or what flow conditions would occur in
the spillway approach channel. It-was also difficult to predict the river
channel scour and the flow and pressure distribution in the basin and
the outlet works bifurcation. To obtain answers to these design ques-
tions, hydraulic and air model studies were made. The equipment used
and the results obtained in the course of these studies are described in
this report.

THE MODELS

Most of the tests were made on a 1:24 scale hydfaulic mocfel
(Figure 8). Additional tests on details of the outlet works b1furcat1on
were made on a 1:12 scale air model (Figures 18 and 19).

The hydraulic: model consisted of an elevated head box that .
contained 'the reservoir topography and spillway crest, a long. slopmg :
spillway chute, and a tail box at floor level that contained the stilling
‘basin and a portion of the channel to-the river. 'The head box topography
included part of the right side of the earth dam and the hillside at the
right abutment. It was formed by troweling concrete onto wire lathe
that was held to the proper contours by wooden templates. The approach
" channel was formed as shown in the initial design (Figure 3). The spill-
way crest was made of concrete that was smoothly troweled to conform
with accurately shaped metal screeds. After the concrete had cured,
the surface was lightly ground to.produce a'smooth, dimensionally sta-
‘ble section. The spillway chute and the stilling basin were made of-
wood in sections convenient for handling and alining. The river channel
was first formed entirely of loose plastering sand. Later riprap was
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added on the left slope near the basin, and concrete was placed in the
center and on the rlght side to represent the ‘solid rock at the site.

The cutlet conduit extended from beneath the spillway crest to
the Junctlon with the spillway at the stilling basin. The conduit floor
was carefully worked from straight-grained redwood. The top and sides
were made of transparent plastic that had been heated ‘and-shaped over -
‘wooden molds. Lightweight, ‘simplified, sheet metal shde gates pro-
duced typical outlet works releases

Care was taken in constructing the spillway chute so that
smooth, straight flow surfaces were obtained. Slight irregularities
found during assembly of the model were smoothed out. The chute was
then treated with several coats of waterproofing, resanded, and finally
painted with a glossy oil-base paint to produce a watertight and excep-
tionally smooth flow passage. These precautions were necessary to

‘keep the friction as low as practicable. However, even with these pre-

cautions it was known that the friction would be greater in the model
than it should be to represent prototype conditions. To compensate
for the extra friction, an additional vertical fall of 0.5 foot was pro-
vided by extendmg the length of the chute between the crest and the -
vertical curve. This extra fall was shown by calculation:-to be enough
to produce the proper equivalent velocity at the entrance to the still-
ing basin. Model tests showed that a velocity equivalent to:89 feet’ per
second, prototype, was obtained at Station 12+01.8. This compares
with a computed value of 83 feet per second with a Manning's "n" value

of 0.011, and a velocity of 98 feet per second with an ''n" value of 0.008.

Pertinent details, such as stilling basm chute blocks and-a
dentated sill, were included in the model. Piezometers were placed
along the centerline and the right side of the spillway crest. Other
piezometers were placed on the trajectory curve of the outlet works
~where it joined the spillway, in‘a chute block, on the basin floor near
‘the block, and on the basin dividing walls (Flgures 8 and 22).  The pres~
sures acting at these piezometers were measured by single -leg water
‘manometers. In cases where the pressures fluctuated widely and were

negative (below atmospheric), a sensitive pressure cell was used a.nd

the pressure fluctuatlons were recorded electromcally

Point gages were used in the head box and tail box to measure
the water surface elevations. Point gage stations were also set up
across the chute and along the stilling basin to obtain water surface
profiles and cross sections (Figure 12). Water was supplied to the
model through the central laboratory supply systern which contains
calibrated Vcunturi meters for measuring the rate of flow. After pass-
ing through the model, the water . was returned to the laboratory res-
ervoir for recn-culatlon

The pressure dlstrlbutmn on the d1v1d1ng p1er and roof of the
outlet works bifurcation was studied on a 1:12 scale model that used
air as the flowing fluid (Figures 18 and 19). A 1:12 scale ratio was
selected for the air model to obtain reasonably large gates and conduits,




and so that tests could be run at suff1c1ently high ' Reynolds' numbers to
‘have good model-prototype similarity. The model test section consisted
of an 11-inch round to 11-inch horseshoe transition, the bifurcation
structure, and simplified outlet control gates A centrifugal blower
was used to supply the air flow. The air was:drawn from the atmos-
phere through flat plate measuring orifices, and was sent through the
discharge line to the test section. It discharged freely into the atmos-
phere after passing through the bifurcation control gates..

]NVESTIG ATION

Sp111waz
Approach Channel

Modal operatlon showed that generally satisfactory flow oc-
curred in thé preliminary spiliway approach channel (Figure 9). The
fairly large eddy that developed where flow passed around the point of
land at the left of the channel had little effect at the spillway crest. As
the flow approached the curved vertical guide walls at'the crest, it ac-
celerated and passed beiween them smoothly and with little wave action.
The tops of the left and right concrete approach walls, which were set
at elevation 3258.0, were.found to be too low for maximum flows and
were raised to elevatlon 3260.0. No other approach channel alterations
were necessary because the performance was satisfactory, and any pos-
sible cost savings due to reduced excavation would be small. The pre-
liminary design with the raised wall tops is therefore recommended for
prototype use. :

Spillway Crest

The flow moved smoothly over the crest to continue down the
chute (Figure 10). The pressure along the crest centerline and along
a line 1-1/2 inches prototype from the right wall were steady and posi-
tive (Figure 11A). The relations of reservoir elevation to spillway
discharge, and of head on crest to discharge coefficient, are shown
in Figure 11B and 11C. - The water-surface elevations along:the ap-
proach wing walls and along the splllway centerhne are shown in Fig-
ure 12A.

Spillway Chute

The flow passed fairly. smoothly down the splllway chute, and
the cross-sectional water surface at Station 8+41.8 was nearly flat -
(Figure 12B). The surface was also quite flat in cross section at
Station 9402. 8 when the flow rate was 4,060 cfs, but became deeper
on the right than on the left as the flow rate rose to 8,120 cfs. At
Station 10+01.0, which 1s about 80 feet past the point where chute
divergence begms, a hump at the center and dips near the sides were
evident. Farther alon; in the diverging chute, the flow surface flat-
tened and was very flat at Station 12+01. 8 (Flgure 12F). Rather high
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training walls are prov1ded and there should be ample freeboard at ,
all stations to take care of: bulkmg of the. prototype flow due to air m- '
sufflation. ;

Air Vents

The necessity of the 24 -mch d1ameter air vents into the chamber
beneath the cover slab at the junction of the outlet conduit and spillway"
chute (Figure 4, Sections A-A and E-E) was established by closing the
two 1-inch vents provided in the model (Figure 8, Sectional Elevation -

A-A). The sheet of water passing over the Junctlon continued to.pump
air out of the outlet conduit and, because the main supply of air closed,
began to develop negative pressures in the. conduit. The pressure dif-
ferential between the atmosphere and this negative value forced the
sheet of water farther and farther downward, ‘until finally the flow sep- ‘
arated at the sides of the. -opening to ‘admit air. This new supply of air
relieved the negative. pressures momentarily, and the water sheet sprang
‘upward to its original trajectory. Then:the cycle started agam, with -
the result that an undesirable flutter occurred in the flow passing over
the junction opening. ‘The action was most pronounced at flows of 2,000
cfs or less. It should be noted that:tke above tests were run with the
small air vents in the downstream bodies of the outlet gates fully opened.

An additicnal test was made where an extra 1-inch-diameter
model vent was provided near the outlet gates.at the point where the
4-foot by 6-foot outlet tunnels joined the 11-foot horseshoe tunnel.

The jet flutter persisted, but to a lesser degree When the two 24-
inch vents at the spillway junction were opened, the flutter disappeared
entirely. The two 24-inch junction vents are therefore beheved nec-
essary in the prototype struecture.

Stilling Basin and Channel to River

‘The performance of the stilling basin with spillway flows was
satisfactory (Figures 13 and 14). A slightly higher water surface was -
noted in the upstream end of the center section of the basin than in the
left and right bays (Figure 12G). This occurred because the water in
the central portion of the spillway chute. passes ‘over the outlet conduit
opening. The lack of support at the opening allows the water tofallon
‘a free trajectory and impinge on the invert of the outlet chute. This
impingement dlsrupts the flow to some extent, with the result that the
toe of the jump in the center bay is not swept as far downstream as in
the side bays.

An upward boil occurred at the end of the basin as the end sill

deflected the water upward (F1gure 14). No riverbed material entered

_the basin during spillway flows. Considerable wave: action and splash-
-.ing were noted: within the basm ‘but this must be expected-in a hydraulic

jump with a Froude number,vga- of about 12, Waves carried out into -

the excavated river channel, ‘and scaled~up values mdlcated a maximum
through -to-crest height of 3 feet, with an average height’of 1-3/4 feet.
The prototype waves may be larger than the scaled-up movel waves,
‘but should not be troublesome, ‘ '
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Considerable erosion occurred on the downstream channel
banks when no riprap or rock protection was provided. Very little ;
erosion occurred on the channel invert or on the banks upstream from
the end of the cantilevered left basin wall. A 1-1/2-inch thick layer
of 3/4-inch gravel wis placed on the left bank and on part of the invert, v
and concrete was placed to represent rock on the remainder of the "loor
and right bank (Figure 27). The erosion was greatly decreased, but
some still occurred on the left bank at-about Stati-—.14+50. The bank
was changed to warp from the 2:1 slope at'the end of the basin'(Station
13+75) to a 3:1 slope at the end of the riprap(Station 14+75) (Figure 28A).
Only minor erosion occurred with-the flatter lepei(Fi’gure 28).

The margin of safetv on ta11 water elevation for splllway flows
was determined by lowering the water as much as the model construc=-
tion permitted, or 5.2 feet below normal, prototype. The basin con-
tinued to handle the flows, and the safety factor was considered satls-
factory. :

Pressures were measured on areas believed to be critical on
the chute, on the side walls of the outlet conduit at its junction with
‘the spillway, on the chute blocks, and on the floor immediately down-
stream from a chute block (Figure 8). Tabulated pressures, as ob-
tained by single-leg water manometers, and expressed in feet of wa-
ter, prototype, are presented in Figure 15A. All the above piezomet-
ric pressures were positive or about atmospheric when the tail water
elevation was normal. Lower pressures occurred on the floor and on
the ends of the chute blocks when the tail water was lowered 5. 2 feet
for spillway flows, and 2.5 feet for outlet works flows. - Record traces
of pressure fluctuations obtained by means of the electromc pressure
cell are presented in Figure 15B.

More detailed studies of the chute block pressures-were made
using a metal block fitted with 13 piezometers (Figure 16A, B, and D).
The tests were made with normal tail water, maximum. splllway dis-
charge, and with the outlet tunnel portal in the spillway covered so that
undisturbed flow reached the blocks. Tests were also made with the"
cover removed with outlet works flows. Piezometers 1l and 2, located
on the midpoint of the curved surface connecting the block top and left
side, showed severely subatmospherm pressures (Flgure 160)

A modified block usmg more gradually curved surfaces (a1:5
ellipse in the direction of flow) showed better pressures (Figure 16D and
E). The lowest pressures occurred with spillway flows and were found
at Piezometer 1 at the begmnmg of the curve and . at Piezometer 9 on the
downstream face. No serious negative pressures occurred with outlet -
works flows, apparently because of the lower flow velomty The modi-
fied block using the 5:1 elliptical curve, with the semiminor axis about
one-fourth the distance between the blocks, -was believed acceptable
for prototype use because at all outlet;works flows and at:all"but the
very highest spillway flows, the pressures were well above the cavita-
tion range. At the highest spillway flows where instantaneous pressures
occasionally approach vapor pressure, operation would be of short
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duration and any possible damage would be light. In addition, con-
siderable air would be entrained in the hydrauhc jump to cushion cav-
itation and restrict erosion. The block shown in Flgure 16D is there- :
fore recommended:for the basin.

Small Flows

At flows between 0 and 400 second-feet, roll waves or ''slug
flow" will occur in the spillway chute (Figure 17), This is'a common
feature on long steep chutes when'the flow depth is small. The waves
rolling down the chute will enter the basin pool with considerable en-
ergy and create waves that continue out into the river channel. It is
expected that the waves will not appreciably damage the riprapped sur-
faces, but that spray and splashing may overtop the basin walls.

‘Outlet Works

Bifurcation at Outlet Control Gates

The first bifurcation tested on the 1:12 scale air model was
made with an elliptically-shaped pier nose and roof (Figure 184). With
both gates fully opened and a flow rate equivalent to 3, 529 cfs proto-
type, the pressures were positive at all piezometers except those near
the tangent points where the 50-foot radius curves meet the parallel
sides (Figure 18B). When one gate was fully opened and the other was
fully closed, the pressures just around the point of the nose decreased
but remained quite strongly positive (Figure 18C). The pressure in the
area where the 50- foot curves -met the parallel walls contmued to be low,

It was then learned that the 6 foot high gates were to be 11rn1ted
to a maximum opening of 5.5 feet to restrict the stream flow. The par-
tial obstruction created by this limited opening would maintain consid-
erable back pressure in the tunnel. The bifurcation was retested with
the gates set to represent 5.5-foot openings, and all pressures were
found to be positive and sat1sfactory (Figure 18D and E) ‘

A more simple design for the bifurcation-was: then proposed
It consisted of a pier with a circular rather than an elliptical .nose,
tapered sides, 30-foot radius curves connecting the tapered sides to
the parallel ones, and a circular instead of an elliptical roof (Figure
19A). As expected, due to the more abrupt curvatures,:the pressures
dropped to lower values at the nose, in the areas where the 30-foot
radius curves met the parallel walls of the pier, and at the downstream
end of the curved roof (Figure 19B and C). However, due to the back
pressure produced by the 6-foot 0-inch gates opened only 5 feet 6 inches,
the pressures on the pier and roof remain pos1t1ve for all operational
gate openings and d1scharges (Figure 19D and E). The simpler design
using circular curves is therefore accepuable for prototype use, ,




Flow in the Tunnel

The flows released by the control gates discnarge into a long,
modified horseshoe tunnel that extends to the stilling basin. When both
model gates were operated at the same opening, the flow was symmetri-
cal and reasonably smooth through the full length of the tunnel (Figure
20B and D). The disturbance or ridge created when the flow from the
two gates came together after passing the dividing pier was not exces-
sive. As the ridge moved downstream, it dropped and spread to the
sides of the conduit. This raised the water surfaces at the walls. The
higher water surfaces at the walls then worked back to the center to
again form a slight ridge. Thie alternating flow pattern was superim-

“ posed on the general downstream flow and affected, to a moderate de-
gree, the flow reaching the stilling basin. A slightly ridged surface
existed at the basin in the model, but the ridge was so small that the
flow was considered satisfactory. = : o

When only one gate was operated, or when the gate openings
were unsymmetrical, the deeper flow tended to swing toward the oppo-
site side of the tunnel and ride up the wall (Figure 20A and C). It then
dropped down and swung across the tunnel to climb the other wall. The
cycle was repeated several times as the flow traveled the length of the
tunnel, but the severity rapidly decreased. Thus, the flow was nearly :
flat when it reached the stilling basin. The pronounced damping effect g
that controlled this swinging action was produced’ by the upward hump
at the center of the tunnel floor (Figure 8, Section E-E). This hump
was developed in previous model studies and has been used effectively -
on a number of structures. o

- Piezometers were installed on the floor just downstream from =
the line where the 1:36 upslope near the end of the bifurcation inter-
sected the humped floor of the tunnel (Figures 7 and 8, Section B-B,
Detail A). The pressures were positive at all heads and gate openings,
and averaged slightly less than the hydrostatic heads. g

Portal Conditions

Critical flow conditions occurred in the preliminary design
at the point where the outlet works tunnel emerged through the spill-
way chute, This was due to the fact that the cover slab extended a
little too far downstream (Station 11+98.75) and restricted the outlet
opening. As a result, the flow (4,080 cfs during the first tests) struck
the slab heavily and occasionally caused the water to back up and par-
tially fill the tunnel (Figure 21). This action produced heavy‘loads on
the slab and poor flow conditions into the basin. Once the flow backed
up into the tunnel, it remained there until the outlet gates -.wq;:é?‘throt-
tled appreciably. Then the tunnel cleared itself and free flow 'was again
established. ‘ B bl :

. The interference of the roof was reduced by cutting the slab
back 3 feet along the slope (Station 11+95.986) to increase the passage
height. This change allowed the initial 4,080-cfs discharge to pass

without appreciable interference. The final outlet works maximum
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flow, which was reduced to 3,529 cfs by limiting the gate travel, passed
easily through the opening w1th only heavy spray striking the cover. 'The
splllway flow at the stilling basin, while adversely affected by shorten-
ing the slab, was still satisfactory and the shorter cover is: recommended
for prototype use. :

- Air Vents

The effect, with outlet works flows, of the 24-inch air vents
into the chamber under the cover slab (Figure 4, Sections A-A-and E-E)
was determined by plugging the 1-inch model vents. This left only the
normal vents at the outlet gates to supply air. The pressure within
the tunnel immediately dropped to somewhat lower values, but the pres-
sures and performance remained satisfactory. The two 24-inch-diam-
eter vents were, therefore, not necessary for outlet works flows but
as previously shown were necessary for spillway flows. .

Chute and Basin Pressures

All pressures measured on the chute were positive and satis-
factory (Figure 15A). Also, at normal or near normal tail water ele-
vations, the chute block and floor pressures, as recorded by water
manometers, were satisfactory (Figure 15A). With the tail water 2.5
feet below normal, the chute blocks:remained covered by the toe of the
hydraulic jump, but several slightly negative pressures occurred. Pres-
sure cell records are shown in Figure 15C and D. All pressures were
measured with the flow velocity in the model equivalent to 77 fps, proto-
type, at Station 11+60. This corresponded to the computed velocity us-
ing a Manning's "n'' cf 0.008, and is as h1gh a velocity as could be rea-
sonably expected in the structure

The pressures acting on the inner surfaces of the stilling basin
dividing walls were also measured during outlet works operation, Pie-
zometers were placed in the right hand wall (Figure 22A), and measure-
ments were made with a strain-gage-type pressure cell and a recorder.
The greatest fluctuations and highest pressures occurred near the up~
stream end of the basin close to the floor (Piezometers 8 through 12).
These higher pressures and greater fluctuations were expected because
of the hydrostatic ‘head of water actmg on the surfaces, and because the
most violent portion of the hydraulic jump is at the basin entrance:and
along the floor. A faster chart speed was used for recording these
pressures than was used for the ones measured higher upon the wall.
The pressure traces obtained at the higher elevations showed the mod-
erating effect of the jump pool. At Piezometers 6 and 7, which were
intermittently covered with water, the pressures: were approxmately
atmospheric and fairly constant

Movement of the mtermedlate d1v1d1ng walls was noted durmg
model operation. This movement consisted of an irregular inward and
outward motion of the wall tops, relative to the basin centerline, and
was most pronounced at the downstream ends. No attempt was made
to represent the prototype wall rigidity in the model. The movement
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was considered importent and it was discussed at length with the de-
signers so that adequate measures could be taken, Typical pressure
fluctuations on the walls are shown on the records of F1gure 22.

Stilling Basin and Channel to River

Tests showed that intermediate dividing walls within the basin
were essential for properly handling the outlet works flows. No hydrau-
lic jump formed when there were no walls to restrain the flow, and the
jet continued through the basin. In addition, the jet was unstable and
moved to one side or the other of the basin and formed a strong eddy
that pulled riverbed material into the basin (Figure 23). The energy
dissipation was poor, the wave action great, and the river channel ero-
sion severe. The only flow conditions that were in any way acceptable
were low discharge at moderate and low veloc1t1es

With the 28. 5-foot h1gh walls installed, the flow conditions
were good (Figures 24 and 25). A good hydraulic jump formed with
satlsfactory energy dissipation and flow redistribution. The wave ac~-
tion in the river channel was appreciable, but not excessive at. dlscharges,
above about 2,500 cfs. Ata dlscharp‘e of 3,529 cfs, the maximum '
trough-to- crest height, as scaled up { from the model, was about 3 feet,
and the average wave height was about 1-1/2 feet.

Sand from the loose: sand bed first used in the model river
channel was picked up, carried into the basin, and swirled around vi-
olently. It was then deposited between the intermediate and outer walls
(F1gure 26A). This bed material circulation would most certainly re-

‘"{’a;;sult in objectionable abrasive erosion on the basin floor and walls To

eliminate the problem, an attempt was made to reduce ' or stop the cur-
rents that picked up the material. The dividing walls“were first ex-
tended to the end of the basin at their full height of 28. 5 feet. No bed
material was picked up with this design, but flow conditions were poor
(Figure 26C). The toe of the jump moved downstream dangerously
close to the chute blocks, and high velocity currents carried through
to the end of the basin where the end sill deflected them upward in a
severe boil. Wave action was heavy in the river channel The basin
performed well with spillway flows.

When the height of the wall extensxons was reduced to 18 feet
water poured in over the wall tops. The jump moved upstream a little,
and the violence of the boil was reduced slightly (Figure 26D). In
spite of these small changes, the flow conditions and waves were still
too rough to be acceptable Furthermore, large quantities of riverbed
material were deposited in the basin (Figure 26B).

Fortunately, from the pomt of view of bed material circula-
tion, the channel from the basin to the river is excavated. partially
through rock.  The remaining excavation will be protected by r1prap
When the model channel was rebuilt to include this rock and riprap N
(Figure 27A), tests showed that no bed material was carried into the !
basin, and no deposits were built up (Figure 27C). A few pieces of
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r1prapclusteredtogetheron thedownstreamface ofthe ends111, but Gy
“did not move about. It‘thus appeared that with:adequate riprap jprotec~- .
tion, ‘there ‘would ‘be no serious iproblem ‘with-abrasion and-deposits.. . .. =

, ~ Some movemaent of .the riprappieces occurred on the'down- = . :
‘stream portion:of ‘the 2:1 riprap slope ‘at higher outlet worksiflows.. =~ '
This movement was ‘similar ‘to that found:with:spillway flows. JBro-
sion also-occirred on‘the -unprotectes slopes farther downstream. - = .
The riprapped bank was, ‘therefore, 'warped:from'the :2:1 :slopeiat. o
‘the end of the ‘basin'to a:3:1:s8lope:100 fe et'downstream(Figure 284). -
‘Less.movement of the rock:occurred with'this design, ‘and lessero-

‘sion occurred on the unprotected surfaces farther .downstream (Fig- .
‘ure 28B). The warped riprap slope ‘is:therefore desirable for outlet
flows, as well as for spillway flows, :and‘is.recommended for proto-
‘type use. e AT e R T e S
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Figure 10 _
Report Hyd 452
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PRINEVILLE SPILLWAY AND OUTLET WORKS
Flow At Crest and on Spillway Chute
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Figure ‘-17
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A. The smooth sheet of water at the crest roughens ’
-and develops into progressively larger roll waves

B. The roll waves strike the stilling pool and cause
considerable splashing and wave action
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Roll Waves in Spillway
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PRINEVILLE SPILLWAY AND OUTLET WORKS
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112 SGALE, AIR MODEL




Figure 20 ,
Report Hyd 452 o

A.

D. Q=3,529.cfs Both gates open 5'-6"

s

PRINEVILLE SPILLWAY AND OUTLET WORKS
Outlet Flows Through Gates, Tunnel, and
Spillway Junction 'Res. Elev. 3234, 8
1:24 Scale Model
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" “FIGURE 22
5 "REPORT HYD. 482
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PRINEVILLE SPILLWAY AND OUTLET WORKS

PRESSURE VARIATIONS ON. STILLING BASIN DIVIDING WALLS

1:24 SCALE MODEL




@ = 800.cfs = Both Gates 5'-6" open
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Q = 1,600 cfs  Both gates 5'-6" open  Q = 1,600 cfs;: Gates throttled, full res. Q =3,529 cfs  Both gates  5'-6" open g8
; “ 8.
PRINEVILLE SPILLWAY AND OUTLET WORKS b
N

’ Outlet Flows in Stilling Basin Without Dividing ‘Walls I
1:24 Scale Model L ) ' B




Figure 24
Report Hyd 452

Q =1,600 cfs  Both gates open 5'-6" Q =1,600 cfs Both gates throttled
Reserveir Elev, 3122.5- Reservoir Elev. 3234, 8 (crest)

PRINEVILLE SPILLWAY AND OUTLET .WORKS"
Low: QOutlet Flows in Recommended Stilling Basin
'1:24 Scale Model




Figure 25
Report Hyd 452
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Left Gate only; open 5'-6" Q =3,529 cfs  Both gates

Q = 3529 c¢fs  Both Gates open 5t-g"

PRINEVILLE SPILLWAY AKWD OUTLET WORKS
High Outlet Flows in Recommended: Stilling Basin
‘1:24 Scale Model




Figure 26 -
‘Report Hyd 452

A. Sand in basin after 2 hrs B. Sand in basin after 2 hrs.
model operation, Q = 4,080 model operation, Q = 4,080
cfs, Initial Walls cfs, Walls 18 feet high ex~

tended to end of basin

(No deposits with 28. 5 foot-high walls extended to end of basin)

C. Walls 28._5 feet high extended D. Walls 18 feet high extended
to end of basin. Q = 4,080 cfs " to end of basin, Q = 4,080 cfs

PRINEVILLE SPILLWAY AND OUTLET WORKS
Flow Conditions and Sand Deposits in Stilling Basin
With and Without Dividing Walls
'1:24 Scale Model




Figure 27
Report Hyd 452

B. Flow Conditions with Recommended Walls., Q = 3,529 cfs

Scour after 3 hours model operation D. Scour after 3 hours model .
of outlet works. Q = 3,529 cfs of spillway, @ = g!,] 143 c(;'ls)era‘tmn

PRINEVILLE SPILL.WAY AND OUTLET WORKS
Outlet Flow Conditions, and Scour With 2:1 Riprapped
Slope Downstream from Basin
'1:24 Scale Model




Figure 28
‘Report Hyd 452

B. Scour after 3 hrs. model operation of outlet works
Q = 3,529 cfs

C. Scour after 3 hrs. model operation of spillway
Q = 8,142 cfs

PRINEVILLE SPILLWAY AND OUTLET WORKS
Recommended Warped Riprzp Slope, and Scour Downstream from Basin




